Breast cancer metastasis suppressor 1 (BRMS1) has been reported to suppress metastasis without significantly affecting tumorigenicity in breast cancer and ovarian cancer. To investigate the role of BRMS1 in human melanoma progression and prognosis, we established tissue microarray and BRMS1 expression was evaluated by immunohistochemistry in 41 dysplastic nevi, 90 primary melanomas and 47 melanoma metastases. We found that BRMS1 expression was significantly decreased in metastatic melanoma compared with primary melanoma or dysplastic nevi (P ¼ 0.021 and 0.001, respectively, v 2 test). In addition, reduced BRMS1 staining was significantly correlated with American Joint Committee on Cancer stages (P ¼ 0.011, v 2 test), but not associated with tumor thickness, tumor ulceration and other clinicopathological parameters. Furthermore, BRMS1 expression was significantly correlated with disease-specific 5-year survival of melanoma patients (P ¼ 0.007, log-rank test). Multivariate Cox regression analysis revealed that BRMS1 staining was an independent prognostic factor for melanoma patients (relative risk ¼ 0.51; confidence interval ¼ 0.29-0.91; P ¼ 0.022). Moreover, we demonstrated that BRMS1 overexpression inhibited endothelial cell growth and tube formation ability by suppressing NF-kB activity and IL-6 expression in vitro. We also showed that knockdown of BRMS1 increased IL-6 expression and promoted endothelial cell growth and tube formation. In addition, our data revealed that the BRMS1-mediated IL-6 expression is dependent on NF-kB. Strikingly, our in vivo studies using nude mice confirmed that BRMS1 inhibited blood vessel formation and the recruitment of CD31-positive cells in matrigel plugs. Taken together, BRMS1 expression was decreased in metastatic melanomas, which resulted in deficient suppression of angiogenesis and contributed to melanoma progression. BRMS1 may serve an important prognostic marker and therapeutic target for melanoma patients.
Introduction
Cutaneous melanoma is the most lethal form of skin cancers and the incidence of melanoma has drastically increased during the past decades (Dauda and Shehu, 2005; Thompson et al., 2005) . Although patients with low-risk primary melanoma can be completely cured by a successful operation, melanoma can spread to other organs very fast. Once metastatic melanoma develops, the conventional radio-, chemo-or immunotherapy are not effective. The 5-year survival rate for those patients with metastatic melanoma is only less than 5% (Grossman and Altieri, 2001; Ballo and Ang, 2003; Hersey, 2003; Soengas and Lowe, 2003; Tsao and Sober, 2005) .
It is believed that metastasis is the major cause for the death of melanoma patients, and many factors are involved in the regulation of metastasis through diverse mechanisms (Kauffman et al., 2003) . Among metastasis suppressors, breast cancer metastasis suppressor 1 (BRMS1) showed remarkable inhibition on metastasis in several models. The BRMS1 gene is located on chromosome 11q13.1-13.2 and comprised of 10 exons and 9 introns, spanning about 7 kb (Seraj et al., 2000b) . The encoded BRMS1 protein is 246 amino acids long and carries two nuclear localization signals that target this protein to the nucleus (Samant et al., 2000; Seraj et al., 2000b) . Another feature of BRMS1 protein is the large glutamic acid-rich region at the N-terminus, which is a putative acidic transcriptional transactivation domain and may stimulate transcription in various eukaryotic organisms (Struhl, 1995; Samant et al., 2000) . Several metastasis-related genes were reported to be regulated by BRMS1, including epidermal growth factor receptor , osteopontin (Samant et al., 2007; Hedley et al., 2008) , CXC chemokine receptor 4 (Yang et al., 2008) , as well as microRNA-146 (Hurst et al., 2009) . BRMS1 was also reported to interact with mSin3 chromatin remodeling complex and recruit histone deacetylases to suppress downstream gene expression (Meehan et al., 2004) . Cicek et al. (2005 Cicek et al. ( , 2009 showed that BRMS1 physically interacts with RelA/p65 subunit of NF-kB and inhibits phosphorylation of IkBa, and thus negatively regulates NF-kB pathway. Through these mechanisms, BRMS1 has been shown to inhibit metastasis in xenograft models of breast cancer, melanoma and ovarian carcinoma (Seraj et al., 2000b; Shevde et al., 2002; Zhang et al., 2006) . To further investigate the role of BRMS1 in melanoma progression and prognosis, we used tissue microarray technology and immunohistochemistry to evaluate BRMS1 expression in different stages of human melanocytic lesions. Our data demonstrated that BRMS1 expression was significantly decreased in melanoma metastases when compared with primary melanomas, and reduced BRMS1 staining was significantly correlated with American Joint Committee on Cancer (AJCC) stages and a worse survival of melanoma patients. In this study, we also showed that BRMS1 expression negatively regulated the growth and tube formation of endothelial cells in vitro, through suppressing NF-kB activity and IL-6 expression. Our in vivo data further demonstrated that BRMS1 exerted the inhibitory effect in blood vessel formation and CD31 positive cell recruitment in matrigel plugs.
Results

Decreased BRMS1 expression correlated with melanoma metastasis
The clinicopathological features of 137 melanoma biopsies examined in this study were summarized in Table 1 . Various levels of BRMS1 staining were observed in different melanocytic lesions, but the staining was generally located in the nucleus, which was attributed to the two nuclear localization signals that BRMS1 gene carries (Seraj et al., 2000b) (Figure 1 ). Strong BRMS1 staining decreased from 78% in dysplastic nevi to 61% in primary melanomas and further decreased to 40% in metastatic melanomas (Figure 2a ). Significant differences for BRMS1 staining pattern were observed between metastatic melanoma and primary melanoma, or between metastatic melanoma and dysplastic nevi (P ¼ 0.021 and 0.001, respectively, w 2 test). However, there was no significant difference in BRMS1 staining between primary melanoma and dysplastic nevi.
Decreased BRMS1 expression correlated with AJCC stage In all 137 melanoma patients, we found that strong BRMS1 expression significantly decreased from 69% in AJCC stage I to 49% in stage II, and further deceased to 43% at stage III and IV (P ¼ 0.011, w 2 test; Figure 2b ). However, we did not find any correlation between BRMS1 staining and age or gender in patients with primary melanoma or metastatic melanoma. In addition, we also assessed the correlations between BRMS1 expression and other clinicopathological parameters in primary melanoma patients, including tumor thickness, ulceration, histological subtype and anatomic site.
We found no significant correlation between BRMS1 staining and these parameters.
Decreased BRMS1 expression correlated with a worse patient survival To study whether reduced BRMS1 expression is correlated with worse melanoma patient survival, we constructed Kaplan-Meier survival curves. Our data revealed that lower BRMS1 staining was significantly correlated with a poorer disease-specific 5-year survival of all melanoma patients. The survival rate dropped from 73%, in patients with strong BRMS1 expression, to 50% in those with weak BRMS1 expression ( Figure 3a) . Next, we examined whether BRMS1 expression was an independent marker for melanoma prognosis. We performed Multivariate Cox regression analysis to study the effect of BRMS1 expression in patient survival, together with AJCC stage as well as patient's age and gender in all 137 melanomas. Our results indicated that BRMS1 expression was an independent prognostic factor for disease-specific 5-year survival ( Table 2) . As there is no reliable prognostic marker for advanced melanoma, we further investigated the correlation between BRMS1 staining and diseasespecific 5-year survival in metastatic melanoma and Figure S1 ) and western blot (Figure 4a ). The expressions of p65 or p50 subunit of NF-kB were not affected by the manipulation of BRMS1 expression (Figure 4a ). Then the conditioned medium was collected from melanoma cells and applied to either HUVEC growth assay or tube-formation assay. The growth of HUVECs in conditioned medium from BRMS1-overexpressing MMRU and SK-mel-110 cells was inhibited by 48 and 51%, respectively, when compared with the corresponding vector control (Figure 4b ). BRMS1 knockdown in MMRU and MMAN promoted the HUVECs growth by 1.85-and 1.56-fold, respectively, compared with the control (Figure 4b ). The average number of complete tubular structures formed by HUVECs was significantly decreased in conditioned medium from BRMS1-overexpressing MMRU and SK-mel-110 compared with vector controls (Figure 4c ).
BRMS1 inhibited IL-6 expression through suppressing NF-kB activity We previously reported that NF-kB p50 subunit enhanced melanoma angiogenesis through upregulating BRMS1 in melanoma prognosis and angiogenesis J Li et al IL-6 at both transcriptional and protein level (Karst et al., 2009) . Therefore, we next investigated whether BRMS1 also exerts its inhibitory effect on melanoma angiogenesis through NF-kB/IL-6 pathway. Our data revealed that BRMS1 overexpression in MMRU and SK-mel-110 cells decreased IL-6 messanger (m)RNA expression by 45% and 41%, respectively, compared with vector control (Figure 5a ). In contrast, BRMS1 knockdown in MMRU and MMAN cells resulted in elevated IL-6 mRNA level by 2.3-fold for both ( Figure 5a ). Furthermore, we found that ectopic expression of BRMS1 in MMRU and SK-mel-110 cells decreased the secreted IL-6 protein in the medium from 1.6 and 1.2 ng/ml/10 5 cells to 0.7 and 0.4 ng/ml/10 5 cells, respectively (Figure 5b ). On the other hand, the IL-6 protein was increased by 2.8-and 3.5-fold in conditioned medium from BRMS1 knockdown MMRU and MMAN cells, respectively ( Figure 5b ). To explore whether BRMS1 regulates IL-6 expression through NF-kB pathway, we performed electrophoretic mobility shift assay and demonstrated that BRMS1 overexpression dramatically decreased the DNA binding activity of NF-kB p65 subunit to IL-6 promoter, whereas the unlabeled competitive sequence markedly inhibited this binding in a dosage-dependent manner ( Figure 5c ). To confirm the role of IL-6 in BRMS1-regulated melanoma angiogenesis, we performed IL-6 rescue and IL-6 blocking assays. The addition of 0.8 ng/ml recombinant IL-6 to BRMS1-overexpressing MMRU and SK-mel-110 cells rescued the cell growth of HUVECs to the similar level of the corresponding vector control cells, whereas the application of sufficient IL-6 antibody abrogated the elevated HUVECs growth by BRMS1-knockdown in MMRU and MMAN cells (Figure 5d ). We also performed the HUVEC tube-formation assay after addition of IL-6 to the conditioned medium from BRMS1-overexpressing and vector-control MMRU cells. We found that the inhibited tubular structure formation can be rescued by addition of IL-6 (Figures 5e and f). A parallel tube-formation assay after addition of IL-6 was conducted in another cell line, SK-mel-110, and similar result was obtained (Supplementary Figure S2 ).
BRMS1-mediated IL-6 expression was dependent on p65 and p50 subunits of NF-kB To investigate whether the regulation of IL-6 expression by BRMS1 is dependent on NF-kB, we overexpressed or knocked down BRMS1 together with or without silencing of NF-kB p65 or p50 subunit in MMRU cells. The mRNA expression of p65 and p50 was successfully decreased by 75 and 60% by specific small interfering RNA sequences (Figures 6a and b) . However, overexpression or knockdown of BRMS1 did not change p50 or p65 expression. Next, we examined the impact of BRMS1, p65 or p50 on IL-6 mRNA. Our data revealed that knockdown of either p50 or p65 decreased IL-6 expression drastically (Figure 6c ). The concomitant overexpression of BRMS1 together with silencing of p50 or p65 did not further reduce the IL-6 mRNA expression than knockdown of p50 or p65 alone (Figure 6c ). Our data also demonstrated that p50 or p65 knockdown abrogated the elevated IL-6 mRNA expression by BRMS1 knockdown (Figure 6c ), suggesting Figure S3) .
Expression of BRMS1 in melanoma cells inhibited angiogenesis in vivo
We performed the in vivo matrigel plug assay to investigate whether BRMS1 expression could inhibit the new blood vessel formation in a mouse model. Visual examination revealed obviously less vascularization in matrigel plugs containing BRMS1-overexpressing MMRU cells than the control plugs ( Figure 7a ). CD31 staining demonstrated that the control plugs contained much denser neovessels with a sevenfold higher number of CD31-positive cells compared with BRMS1-overexpressing plugs (Figures 7b and c ). We then investigated the level of tumor-derived IL-6 in those matrigel plugs. Quantitative RT-PCR data demonstrated that the IL-6 mRNA level was significantly decreased by 61% in matrigel plugs containing BRMS1-overexpressing MMRU cells compared with the control plugs ( Figure 7d ).
Discussion
BRMS1 was first identified by Seraj et al. (2000b) while studying the nonrandom amplifications and deletions in chromosome 11 using differential display. In this study, we investigated the role of BRMS1 in melanoma progression and the relevant mechanisms. Our data demonstrated that reduced BRMS1 expression was significantly correlated with melanoma metastasis, AJCC stage and poor patient survival. Further experiments revealed that BRMS1 inhibited endothelial cell growth and tube formation by decreasing IL-6 expression through suppressing NF-kB activity in vitro, as well as inhibited neovessels formation in mice in vivo. To our knowledge, this is the first study to examine the expression pattern of BRMS1 and its association with patient survival in a cohort of melanoma patients. It is also the first report on the role of BRMS1 in tumor angiogenesis.
We found a significant difference in BRMS1 expression between primary melanoma and metastatic melanoma, but not between dysplastic nevi and primary melanoma (Figure 2a) , suggesting that loss of BRMS1 expression was mainly involved in melanoma metastasis instead of tumor growth. This is consistent with the findings that BRMS1 mRNA expression level was high in melanocytes, but barely detectable in metastatic melanoma cell lines (Shevde et al., 2002) . Our (realtime) RT-PCR results also demonstrated reduced BRMS1 in melanoma cell lines compared with normal melanocytes (Supplementary Figure S4) . It has been shown that re-introduction of BRMS1 into highly metastatic melanoma cell line C8161.9 significantly suppressed the metastatic potential in both experimental and spontaneous metastasis assays without affecting tumor growth after orthotopic injection (Shevde et al., 2002) . The effect of BRMS1 to inhibit metastasis was also confirmed in other cancer models. BRMS1 was Addition of IL-6 recombinant protein (0.8 ng/ml) to the conditioned medium rescued BRMS1-suppressed endothelial cell growth, whereas application of IL-6 antibody (320 ng/ml) to neutralize the IL-6 in conditioned medium abrogated BRMS1 knockdown-enhanced endothelial cell growth (n ¼ 3/group). (e) Addition of IL-6 to conditioned medium rescued the tube formation inhibited by BRMS1 overexpression. (f) The numbers of tubes formed per field were counted for BRMS1-overexpressing and control groups in five random fields. *Po0.05, **Po0.01, ***Po0.001, Student's t-test. Com, competitive sequence; NE, nuclear extract. BRMS1 in melanoma prognosis and angiogenesis J Li et al expressed fivefold higher in the metastasis-suppressed hybrid neo11/435 cells when compared with the highly metastatic breast-cancer cell line MDA-MB-435. Furthermore, BRMS1 transfected MDA-MB-435 cells showed significantly decreased incidence and number of metastases to the lung and regional lymph nodes when cells were injected orthotopically. However, the tumor growth rate of BRMS1-transfected MDA-MB-435 cells is similar to their parental controls, except a delay in growth for 1 week (Seraj et al., 2000b) . BRMS1 was also shown to be expressed at lower level in a highly metastatic human bladder carcinoma cell line T24T compared with the less metastatic parental cell line T24 (Seraj et al., 2000a) . The reduced expression of BRMS1 in metastatic melanoma can possibly be explained by the theory that deletion at chromosome 11q, which includes the BRMS1 gene, occurs at very high frequency in various human cancers (Welch and Goldberg, 1997; Meehan and Welch, 2003; Zainabadi et al., 2005) . Another study recently reported that the methylation of BRMS1 promoter might account for the loss of BRMS1 in breast cancer cells. The same study also demonstrated a direct correlation between methylation status of BRMS1 promoter in the DNA isolated from those tissues with loss of BRMS1 by immunohistochemistry, concomitantly (Metge et al., 2008) . These studies imply that the loss of the BRMS1 expression may be a common event in tumor metastasis.
We demonstrated that BRMS1 inhibited melanoma angiogenesis and this may at least partially explain the correlation between reduced BRMS1 expression and melanoma metastasis. A series of studies indicated angiogenesis was closely related to tumor metastasis in various tumors, including breast, lung, prostate, head and neck, as well as melanoma (Weidner et al., 1991; Weidner, 1995; Czubayko et al., 1996) . Therefore, the deficient suppression on angiogenesis by loss of BRMS1 will be critical for melanoma to metastasize. In this study, we found that BRMS1 inhibited HUVECs growth and tube formation in vitro (Figures 4b and c,  Supplementary Figure S2 ). We previously reported that p50 subunit of NF-kB increased IL-6 expression and melanoma angiogenesis (Karst et al., 2009 ). It has also been shown that BRMS1 suppressed NF-kB activity and thus regulated NF-kB downstream gene expression (Cicek et al., 2005) . Therefore, we next investigated whether BRMS1 inhibits endothelial cell growth through NF-kB/IL-6 pathway. Further experiments showed that BRMS1 did not affect the expression level of p65 or p50 subunits of NF-kB (Figure 4a ), but inhibited NF-kB DNA-binding activity (Figure 5c ). BRMS1 overexpression decreased, whereas BRMS1 knockdown increased both IL-6 mRNA expression and protein secreted in the conditioned medium (Figures 5a and b) . The role of IL-6 in BRMS1-regulated melanoma angiogenesis was further confirmed by IL-6 rescue and blocking assays (Figures 5d-f) . These results indicated that the compensation of IL-6 loss caused by BRMS1 overexpression can neutralize the inhibitory effect of BRMS1, while blocking IL-6 activity by incubating with the IL-6 antibody can mimic the BRMS1 overexpression impact. Therefore, the reduction of IL-6 protein secreted by melanoma cells accounted for the inhibitory effect of BRMS1 on melanoma angiogenesis. To explore whether BRMS1 regulates IL-6 expression through NF-kB pathway, we concomitantly manipulated the expression of BRMS1 and p65 or p50 subunits of NF-kB, and then tested the expression of IL-6. We found that both overexpression of BRMS1 and knockdown of p65 or p50 alone decreased IL-6 mRNA expression, but combination of BRMS1 overexpression and p65 or p50 knockdown did not bring extra inhibitory effect. Silencing of BRMS1 caused higher IL-6 expression, which was abrogated by the knockdown of p65 or p50. These results indicated that BRMS1 inhibits IL-6 expression by suppressing NF-kB activity. Moreover, we showed that BRMS1 inhibited new blood vessels formation in mice in vivo (Figures 7a-c) , and quantitative RT-PCR result further revealed that the BRMS1 overexpression was still present and IL-6 expression was decreased in matrigel plugs overexpressing BRMS1, indicating the consistency between our in vitro and in vivo data. Our results highlighted a novel role of BRMS1 in regulating tumor angiogenesis, which is critically important, as neovascularization is one of the essential steps required by tumor metastasis and progression (Folkman, 2002) . Recently, Dai et al. (2009) showed that osteopontin induces angiogenesis by activating the PI3K/AKT pathway in human endothelial cells. Similar to IL-6, osteopontin is a secreted protein and also regulated by NF-kB (Diao et al., 2004; Standal et al., 2004) . It was reported that BRMS1 inhibited the transcription of osteopontin by suppressing NF-kB activity (Samant et al., 2007) . Whether osteopontin is indeed involved in BRMS1-mediated melanoma angiogenesis remains to be investigated. We found that reduced BRMS1 staining was correlated with AJCC stages (Figure 2b ), but not with other clinicopathological parameters. AJCC melanoma stage is evaluated by taking melanoma tumor thickness, ulceration, regional lymph node metastasis and distant metastasis into account and thus it is an integrated measure of the progression status and outcome of human melanoma patients (Balch et al., 2001) . It is not surprising to see that BRMS1 expression is inversely correlated with AJCC stage because reduced BRMS1 expression showed close correlation with melanoma metastasis in this study. Furthermore, in primary melanoma patient group, BRMS1 expression showed significant difference between AJCC stages I and II (Figure 2b ), but did not change significantly between thin melanoma (p2.0 mm) and thick melanoma (42.0 mm), or between melanoma with and without ulceration. These data suggested that BRMS1 staining was associated with the combination of tumor thickness and ulceration, which may be a better marker for melanoma metastatic potential than tumor thickness or ulceration alone.
Reduced BRMS1 expression was significantly correlated with melanoma metastasis in our study and with metastasis of breast and ovarian carcinomas from previous reports (Seraj et al., 2000b; Shevde et al., 2002; Zhang et al., 2006) . Therefore, reduced BRMS1 expression is expected to correlate with poorer survival of melanoma patients because of the fact that metastasis is the major cause for the death of melanoma patients. Moreover, we found that strong BRMS1 expression is significantly correlated with better prognosis in those patients with thick (44 mm) ulcerated primary melanoma and metastatic melanoma. As it was reported that both thick melanoma (X4 mm) and presence of ulceration were associated with a high incidence of regional and distant metastasis (Mansfield et al., 1994; Ostmeier et al., 1999) , our data suggested that BRMS1 could be one of the few prognostic markers for melanoma patients with existing metastases or with high metastatic potential. Possible explanations for the correlation between BRMS1 expression and better prognosis in this group of patients may be because of the inhibitory effect of BRMS1 on melanoma angiogenesis. Accumulated evidences nowadays indicated that the extent of angiogenesis is correlated with patient survival in many different cancers. The first study in this line revealed that vascular density functions as an independent prognostic marker in breast cancer (Weidner et al., 1991) . This correlation was then extended to other types of malignancies including carcinoma of the prostate Brawer, 1996) , lung (Yamazaki et al., 1994; Angeletti et al., 1996) , stomach (Maeda et al., 1995) , cervix (Wiggins et al., 1995) , ovary (Hollingsworth et al., 1995) and head and neck squamous cell carcinoma (Gasparini et al., 1993) , suggesting that angiogenesis is an indicator of both increased metastasis and decreased survival. Furthermore, our multivariate Cox regression analysis indicated that the correlation between reduced BRMS1 expression and worse patient survival was independent of age, gender and AJCC stage of the patients (Table 2) , further underscoring the important role of BRMS1 in melanoma prognosis. Combined with the previous reports on the crucial metastasis suppressive functions of BRMS1, our findings implied that BRMS1 might serve as a promising prognostic marker for melanoma and restoration of BRMS1 may provide a novel strategy for the treatment of metastatic melanoma.
Materials and methods
Patients
Formalin-fixed and paraffin-embedded biopsies were obtained from the 1990-1998 archives of the Department of Pathology at Vancouver General Hospital. The use of human skin tissues in this study was approved by the Clinical Research Ethics Board of University of British Columbia and was performed in accordance with the Declaration of Helsinki guidelines. A total of 41 dysplastic nevi, 90 primary melanomas and 47 metastatic melanomas were evaluated for BRMS1 staining. Clinicopathological data were available for all melanoma cases.
Tissue microarray construction, immunohistochemistry and evaluation of immunostaining Tissue microarray construction and immunohistochemistry staining were performed as described previously (Dai et al., 2005) . We selected and marked the most representative tumor area on the hematoxylin and eosin-stained slide. The primary mouse anti-BRMS1 antibody (1:200 dilution) (Hicks et al., 2006) and the biotin-labeled secondary antibody (DAKO Diagnostics, Glostrup, Denmark) were used. Negative controls were included following the same procedure of test samples, except that BRMS1 antibody was omitted from the primary antibody incubation. The staining intensity and percentage of BRMS1-positive cells were evaluated in a blinded manner by three independent observers (including a dermatopathologist) simultaneously, and a consensus score was reached for each core. BRMS1 staining intensity was scored as 0-3 (0, negative; 1, weak; 2, moderate; 3, strong). The percentage of BRMS1-positive cells was scored into four categories: 1 (0-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%). In the cases with a discrepancy between duplicated cores, the higher score from the two tissue cores was taken as the final score. The level of BRMS1 staining was evaluated by immunoreactive score (Remmele and Stegner, 1987) , which is calculated by multiplying the scores of staining intensity and the percentage of positive cells. On the basis of IRS, BRMS1 staining pattern was defined as: weak (IRS: 0-6) and strong (IRS: 8-12).
Statistical analyses
The SPSS version 11.5 software (SPSS, Chicago, IL, USA) was used for the statistical analysis and all tests of statistical significance were two-sided. We used the w 2 test to compare the BRMS1 staining level in different melanocytic lesions, as well as the correlation between BRMS1 staining and the clinicopathological parameters of the melanoma patients, including AJCC stage, age, gender, tumor thickness, ulceration, histological subtype and tumor location. The Kaplan-Meier survival curve and log-rank test were used to evaluate the correlations between BRMS1 expression and patient survival. Finally, a Cox regression model was used for multivariate analysis. Po0.05 was considered statistically significant.
Cell culture and transfection
Human melanoma MMRU and MMAN cell lines are kind gifts from Dr HR Byers (Boston University, Boston, MA, USA), SK-mel-110 cell line is kindly provided by Dr AP Albino (Memorial Sloan-Kettering Cancer Center, NY, USA). All melanoma cell lines were cultured in Dulbecco's Modified Eagle's Medium supplemented with 10% fetal bovine serum (Invitrogen, Burlington, Ontario, Canada). HUVECs were cultured in Kaighn's Modified Ham's F-12K medium (Mediatech, Manassas, VA, USA) supplemented with endothelial cell growth supplement (BD Biosciences, Mississauga, Ontario, Canada) and 10% fetal bovine serum. All cells were maintained in 5% CO 2 atmosphere at 37 1C. Melanoma cells were grown to B50% confluency and then transiently transfected with vector control, or Flag tagged BRMS1, or BLOCK-iT vector expressing microRNA-like sequences targeting BRMS1 (miBRMS1) with Effectene reagent (Qiagen, Mississauga, Ontario, Canada) according to the manufacturer's instructions. small interfering RNA targeting NF-kB p65 and p50 subunits were synthesized (Qiagen) and were transfected overnight using SiLentFect (Bio-Rad, Mississauga, Ontario, Canada) according to the users manual. At 12 h after transfection, the medium containing transfection reagents was removed. The cells were rinsed with PBS and then incubated in fresh medium.
HUVEC growth and tube-formation assay Melanoma cells were cultured in 60 mm plate with fresh complete medium for 24 h, and 2 ml of conditioned medium was collected. For HUVEC growth assay, the endothelial cells were seeded in a 24-well plate at 2 Â 10 4 cells/well and cultured in fresh F-12K medium for 24 h, and then in 0.5 ml conditioned medium for another 24 h before sulforhodamine B staining was performed as previously described (Li et al., 1998) . Basically the cells were fixed in 10% trichloroacetic acid before sulforhodamine B was applied for staining. The sulforhodamine B was then discarded and the plates were washed by 1% acetic acid and followed by dissolving and collecting sulforhodamine B dye in 10 mM Tris (pH 10.5). For tube-formation assay, the 96-well plate was coated with Matrigel (BD Biosciences) and kept at 37 1C for 2 h. Then, 2 Â 10 4 HUVECs were suspended in 100 ml conditioned medium and applied to the pre-coated 96-well plate. After incubation at 37 1C for another 24 h, photos were taken under microscope and the tubular structures formed in the matrigel were counted. For IL-6 rescue experiments, we applied 0.8 ng/ml recombinant IL-6 (eBioscience, San Diego, CA, USA) to the conditioned medium and conducted the HUVECs growth assay and tube-formation assay. For IL-6 blocking assay, we added 320 ng/ml IL-6 antibody (eBioscience) in the conditioned medium and performed HUVECs growth assay.
RT-PCR, western blot and enzyme-linked immunosorbent assay Total RNA was extracted using TRIzol (Invitrogen). RT-PCR reactions were performed in triplicate with SYBR Green PCR Master Mix and using a 7900HT quantitative PCR system thermal cycler (Applied Biosystems, Foster City, CA, USA). For western blot, nuclear extracts were prepared as described previously (Garate et al., 2007) and then were separated on 12% SDS-PAGE gels and electroblotted onto polyvinylidene difluoride membranes (Bio-Rad). Membranes were blotted with the following primary antibodies: monoclonal mouse anti-Flag (Applied Biological Materials, Richmond, British Columbia, Canada), monoclonal mouse anti-BRMS1 , polyclonal rabbit anti-p65 and p50 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and monoclonal mouse anti-Actin (Sigma-Aldrich, Oakville, Ontario, Canada). Signals were detected using an Odyssey infrared imaging system (LI-COR Biosciences, Lincoln, NE, USA). For enzyme-linked immunosorbent assay , the secreted IL-6 protein level in the conditioned medium was measured by a human IL-6 enzymelinked immunosorbent assay kit from eBioscience according to the manufacturer's instructions.
Electrophoretic mobility shift assay
We performed electrophoretic mobility shift assay on nuclear extracts prepared as described previously (Garate et al., 2007) from either empty vector or BRMS1-overexpressing MMRU cells with the following double-strand oligonucleotide: 5 0 -CAAATGTGGGATTTTCCCATGAGTC-3 0 . The probe was labeled with a g-32 P phosphate at the 5 0 end and another oligonucleotide with the same sequence but without labeling was used as a competitive sequence at 100-or 500-fold concentration. Binding reaction and detection procedure were carried out as described previously (Maffey et al., 2007) .
In vivo angiogenesis assay and immunofluorescent staining In vivo angiogenesis assay and immunofluorescent staining of mouse CD31 were performed as described previously (Karst et al., 2009) . A total of 1 Â 10 6 MMRU human melanoma cells were supported by 300 ml Matrigel and implanted subcutaneously into the flanks of 6-week-old male nude mice. After 10 days, the mice were killed and the implanted matrigel plugs were excised, photographed. Then the excised plugs were applied to the further embedding, sectioning and staining for mouse CD31. Finally, photos were taken and the number of CD31-positive cells was counted at five different fields for both vector control and BRMS1-overexpressing groups.
